Purpose: Constipation is a well-known complication of surgery that can be exacerbated by opioid analgesics. This study evaluated resource utilization and costs associated with opioidinduced constipation (OIC).
Introduction
Opioid-induced constipation (OIC) is a common adverse effect of opioid analgesics. [1] [2] [3] [4] [5] Determining the exact prevalence of OIC is challenging because of many factors, including variations in how constipation is defined, reported, and/ or collected; the specific opioid(s) used; treatment setting; patient population; and the frequency of opioid use. 1, 6, 7 Among patients with chronic non-cancer pain receiving opioids for months to years, rates of OIC range from ~5%-49% in studies using health claims data, [8] [9] [10] ~15%-41% in systematic reviews of clinical trials, [5] [6] [7] and ~15%-81% from patient-or provider-reported survey studies. [11] [12] [13] [14] [15] OIC in patients with chronic non-cancer pain has been shown to increase health care utilization and costs 8, 10, 13 and decrease patient satisfaction with treatment, health-related quality of life, and work productivity. 11, [16] [17] [18] Opioids are also frequently used in acute care settings for shorter durations, such as for postoperative pain management. However, little is known about the occurrence of OIC or the health care utilization and costs associated with OIC in these patients. 19, 20 This study sought to evaluate hospital resource utilization and costs associated with OIC in patients undergoing total knee or total hip replacement procedures. Total knee and total hip replacements are commonly performed, with an estimated 7,200,000 procedures performed in the USA in 2010. 21 Given the frequency of these procedures, high likelihood of preoperative chronic pain in the affected joint with the potential need for opioid therapy, and the requirement for postoperative pain management that frequently includes opioid analgesics, this surgical patient population was ideal for initial exploration of the real-world health care burden associated with OIC in an acute care setting.
Patients and methods

Study design and data source
This retrospective, observational, and propensity-matched cohort study utilized the Premier Healthcare Database (PHD), which is a large geographically diverse US administrative hospital database that represents the 4 US Census regions and 9 divisions. The PHD includes a subset of data from the Premier Quality Advisor™ Platform, which offers deidentified, Health Insurance Portability and Accountability Act (HIPAA)-compliant data. 22 The PHD provides hospital-, payer-, service-, and patient-level data. Patient-level data include demographics, all International Classification of Diseases (ICD)-9 diagnosis and procedure codes, and billed medications and medical devices. Using masked identifiers, patients can be tracked in the same hospital across inpatient and outpatient settings. The use of PHD data in the current study did not require Institutional Review Board approval, according to Title 45 Code of Federal Regulations (CFR) Part 46, specifically 45 CFR 46.101(b) (4) . Furthermore, in compliance with the HIPAA Privacy Rule, disclosed PHD data are considered de-identified per 45 CFR 164.506(2)(2) (ii)(B), via the "Expert Determination" method. 22 
Patient population and study groups
Patients ≥18 years of age admitted to the hospital for total knee or total hip replacement (ICD-9 codes 81.51 and 81.54, respectively) and discharged between January 1, 2012 and June 30, 2015, were identified in the PHD. Among these patients, those with charges in the pharmacy billing record for 1 or more doses of selected opioid analgesics (morphine, codeine, dihydrocodeine, fentanyl, hydrocodone, hydromorphone, levorphanol, meperidine, methadone, oxycodone, oxymorphone, tapentadol, and tramadol) on or after the day of surgery were identified for the study cohort. Only the first qualifying hospitalization for each unique patient was selected. Patients with missing cost data were excluded from the study cohort. The study cohort was then divided into those with and without OIC. Because there is no specific diagnosis code for OIC, the following ICD-9 diagnosis or procedure codes from the index hospitalization were used: 564.0X (constipation), 560.30 (impaction of intestines, unspecified), 560.32 (fecal impaction), 560.39 (impaction of intestine, other), 560.89 (other specified intestinal obstruction), 564.7 (megacolon, other than Hirschsprung's), 96.38 (removal of impacted feces), or 96.39 (transanal enema). 8 
Patient and hospital characteristics
Patient demographics (age, sex, and race), payer (Medicare, Medicaid, managed care, and other), admission source (home, transfer from other facility, and other), type (emergency, elective, urgent, trauma, and other), and hospital characteristics (geographic division, bed capacity, urban/rural location, and teaching/non-teaching status) were obtained for the index hospitalization. The presence of Deyo-Charlson comorbidities during the index hospital encounter (myocardial In addition, discharge diagnosis codes for chronic pain (ICD-9 code 338.2x) and hemodialysis (ICD-9 V56) were identified. A diagnosis of chronic pain may be an indicator of opioid use prior to hospitalization, while dialysis is associated with higher rates of constipation. 24 The total number of hospitalized days in which an opioid charge occurred and the total oral morphine equivalents (mg) charged during the hospitalization were determined to estimate opioid exposure. 25 Charges in the pharmacy billing record for 1 or more selected medication classes also associated with the potential to cause constipation were identified (levodopa, antidepressants, antipsychotics, antihypertensives, anticonvulsants, and muscle relaxants). Use of peripheral µ-opioid receptor antagonists (alvimopan, methylnaltrexone, and naloxegol) and selected pro-motility medications or stool softeners (lubiprostone, linaclotide, and docusate) were also identified.
Study outcomes
Outcomes of interest related to resource utilization included total index hospital length of stay (LOS), admission to an intensive care unit (ICU) during the index hospitalization (yes or no), and ICU LOS during the index hospitalization. Total patient cost for the index hospitalization was also determined using the hospital charge master records, which includes costs for room and board, laboratory, pharmacy, surgery, supply, and all other direct patient care expenses. Clinical outcomes of interest included death during the index hospitalization, all-cause 30-day hospital readmission, and all-cause 30-day subsequent emergency department (ED) visits. Only readmissions and subsequent ED visits to the same hospital as the index hospitalization are available in the PHD. The 30-day observation period began on the date of discharge for the index hospitalization. Patients who died during the index hospitalization were excluded from the readmission and subsequent ED visits analyses.
Statistical analysis
A propensity-matched cohort of patients with and without OIC was created to balance covariates. A propensity score for each patient was determined by creating a logistic regression model for the probability of OIC versus no OIC. Covariates in the model were selected using a backward selection process including the following: age, sex, race, Charlson comorbidities (COPD, diabetes, hemiplegia, malignancy, mild liver disease, moderate liver disease, PVD, rheumatologic disease, and peptic ulcer disease), chronic pain, hemodialysis, constipation-related medications, hospital geographic divisions, teaching status, selected hospital day on which first opioid was given, and hospital day on which surgery took place. Matching of patients with and without OIC was performed using Mahalanobis metric matching within calipers on a 1:1 basis. 26 Characteristics and unadjusted outcomes of patients with and without OIC in the unmatched and matched cohorts are presented in Table 1 . Continuous variables are presented as means and SDs, and univariate comparisons were made Adjusted analysis employed multivariate linear models (PROC GENMOD) to estimate the difference in continuous outcomes, hospital LOS, and total patient costs. The following variables were included in the models: age, race, admission source, admission type, all 17 of the Charlson comorbidities, chronic pain, hemodialysis, constipationrelated medication, use of peripheral µ-opioid receptor antagonists, oral morphine equivalents, total days of opioid use, hospital geographic divisions, urban or rural setting, teaching status, ICU stay, and OIC. These variables had significant variance; therefore, recycled prediction methodology with a log link and gamma distribution was applied for the parameter estimates and 95% CIs. 27 Logistic (PROC LOGISTIC) regression models were used to examine the associations between OIC versus no OIC, and risk of ICU admission, inpatient mortality, 30-day all-cause re-hospitalization, and 30-day all-cause subsequent ED visit. The models included the same covariates as the multivariate linear models.
All analyses were performed with SAS software package 9.4 (SAS Institute, Cary, NC, USA).
Results
Study population
A total of 836,386 patients with total knee (545,317) or total hip (291,069) replacement surgery were identified during the study period. Of these, 789,613 patients (94.4%) received an opioid during their hospital stay, and 788,448 patients (94.3%) met all criteria for inclusion in the analysis. OIC was identified in 40,891 (5.2%) patients. Therefore, the final propensity-matched cohort included a total of 81,780 patients (40,890 patients with OIC and 40,890 patients without OIC).
Patient and hospital characteristics
Patient and hospital characteristics of the overall cohort and the matched cohort are presented in Table S1 and Table 1 , respectively. The propensity score model had an acceptable goodness of fit with a c-statistic of 0.68. After propensity matching, the 2 cohorts were balanced on age, sex, race, and admission source, as well as most comorbidities, including chronic pain and hemodialysis. Small but statistically significant differences in payer mix, myocardial infarction (4.3% versus 4.0%), heart failure (4.1% versus 3.3%), diabetes with complications (2.1% versus 1.5%), and renal 
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Resource use and costs associated with OIC following surgery disease (8.3% versus 5.8%) were found between those with versus without OIC, respectively. In addition, the CCI was statistically significantly higher in those with OIC (0.9±1.3) than in those without OIC (0.8±1.1), indicating that those with OIC were generally sicker. The matched cohort was well balanced on hospital characteristics, with only minor differences in bed capacity and populations served (urban/ rural). Approximately 98% of all patients were admitted from home, and about 92% of the hospitalizations were classified as elective.
Medication use
Use of peripheral µ-opioid receptor antagonists (1.0% versus 0.1%, p<0.001), pro-motility/stool softening agents (88% versus 86%, p<0.001), and mean number of days of opioid use (3.5 versus 3.2, p<0.001) were statistically significantly higher in those with OIC versus without OIC, respectively. The mean total oral morphine equivalents for the index encounter were not statistically significantly different in those with OIC (129 mg±237 mg) versus those without OIC (130 mg±209 mg; p=0.44).
Outcomes
Unadjusted and adjusted index hospitalization LOS and total patient costs are presented in Table 2 . In both the unadjusted and adjusted analyses, LOS and total patient costs were statistically significantly higher in those with OIC versus those without OIC during the index hospitalization. After adjustment, the mean LOS was ~0.3 day longer, and the mean total patient costs were US$1214 higher in those with OIC. 
Discussion
This retrospective, observational cohort study evaluated a large, geographically diverse population of hospitalized patients undergoing high-volume orthopedic surgical procedures, often to address joint pain requiring chronic opioids followed by postoperative acute pain management with opioids. A relatively small proportion of patients (5.2%) with OIC were identified in the study, likely due to the challenges of identifying OIC using non-specific diagnosis codes. This rate is similar to those reported in larger claims data analyses of patients with chronic non-cancer pain receiving 
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Wittbrodt et al chronic opioid therapy. 8, 10 Despite the relatively low rate of OIC identified in the overall cohort, in matched analyses, the presence of OIC was found to be statistically significantly associated with greater resource utilization (longer LOS and higher rates of ICU admissions), higher total hospital costs, and higher rates of 30-day readmissions and ED visits. Burden of OIC, similar to that reported here, was observed in 2 other inpatient populations studied: bowel surgery and chest pain without infarction (data not presented). These results add new insights to the existing literature that is largely focused on OIC in patients with chronic non-cancer pain receiving chronic opioid therapy.
The impact of OIC on health care utilization and costs in patients with chronic non-cancer pain has been described. In 1 study using administrative claims data from an ambulatory patient population with chronic non-cancer pain, the odds of hospitalizations (OR=2.28, p<0.0001) and ED visits (OR=1.79, p<0.0001) during a 12-month observation period were nearly 2-fold higher in those with OIC versus without OIC. 8 When restricting the definition of constipation to only those with a relevant diagnosis or procedure code for constipation, similar to what was done in the present study, the authors report similar results but of a higher magnitude (OR unreported). 8 Mean medical and pharmacy costs over a 12-month observation period were statistically significantly higher in those with OIC (US$33,044±US$54,301) versus those without OIC (US$20,046±US$58,105, p<0.0001), and the magnitude of these cost differences was even larger when applying the restricted definition of constipation. 8 In the present study, only total hospital costs during the index surgical encounter, as opposed to all medical and pharmacy costs over a 12-month period, were obtained. As expected, the total cost and magnitude of the difference between those with OIC versus without OIC were smaller. However, patients with OIC in the present study were also more likely to have 30-day readmissions and ED visits, indicating that the overall burden and costs may be substantially higher.
The burden of OIC to patients with chronic non-cancer pain has also been well described. Patients report dissatisfaction with overall treatment, including impairment in activities and reduction in work productivity despite use of laxatives. 16, 28 Substantial discordance between patients' and their health care providers' perceptions of the overall burden of OIC have been documented, 29 and patients may skip doses or stop opioids to attempt to obtain relief from constipation symptoms, resulting in poor pain management.
14 Perceived OIC burden in the perioperative setting, as in the current study, is unknown, but these data demonstrate that a unique opportunity exists to implement preoperative strategies directed at improving the identification and treatment of OIC in patients suffering from chronic pain.
Reducing health care resource utilization and costs while maintaining or improving clinical outcomes is imperative for the provision of sustainable, high-quality care. Preventing or more quickly and effectively managing an adverse drug event, such as OIC, in the hospital setting may theoretically translate into reduced resource utilization, decreased costs, and improved outcomes. Studies are needed to confirm or refute this hypothesis. In addition, the specific strategies to screen patients for OIC risk and programs to more effectively manage bowel care in a population of patients undergoing predominantly elective surgical procedures may be derived from existing management strategies in patients with chronic non-cancer pain management, but this would require adaptation and testing to determine if improvements are attainable in real-world clinical practice. 1, 2, 17, 18 This study has several limitations. First, constipation was identified by ICD coding in the presence of opioid analgesia use. A similar methodology has been used in other studies assessing OIC; however, there may be variation between hospitals in recording these codes, and these codes are not specific for OIC. In addition, data on the presence of constipation and opioid use prior to the hospitalization were not available. Confounding factors, such as concomitant exposure to anesthetics, alterations in diet and fluid intake, and reduction of physical activity, can also contribute to postoperative constipation and were not included in these analyses. Second, associations between OIC and any outcome cannot be interpreted as causal. Third, for the propensity-matching model and adjusted models, there may be unmeasured confounders. Finally, all patient treatment costs are limited to those during the index hospitalization and reflect the direct patient costs of inpatient care. Any estimates on the total costs of constipation are limited and do not include the costs of postdischarge treatment.
Conclusion
The results of this study demonstrate increased resource utilization and costs associated with OIC in patients receiving pain management in the acute setting of predominantly elective orthopedic surgical procedures. Additional studies are needed to determine if strategies to prevent or mitigate OIC in this population will translate into reduced resource utilization and costs. In the meantime, consideration of perioperative OIC screening and management is warranted in this largely elective surgical population.
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